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The small intestinal epithelium is highly sensitive to radiation and a major site of injury
during radiation therapy and environmental overexposure. The objective of this studywas to
evaluate yerba mate extract (MT) as a potential radioprotective agent in the intestine. First
yerba mate was exposed to doses of gamma radiation and the extract was analyzed for its
antimicrobial, antioxidant and total phenolic compounds. Male mice were divided into 4
groups: Control group: received saline, MT group: received MT, Irradiation group: exposed to
8Gyof gammaradiation,MTþ irradiationgroup: pre-treatedwithMT then exposed to gamma
radiation. The results obtained in vitro showed that, MT of gamma irradiated yerba mate
showed a reduction in antioxidant activity and total phenolic compounds compared to con-
trol.MTexertedantimicrobial activitywithminimuminhibitoryconcentration (0.5mg/ml) for
Lactobacillus, Escherichia coli, Staphylococcus aureus and Streptococcus faecalis. In vivo, mice
exposed to gamma radiation, showed significant reduction in the total microbial count and
disappearance of E. coli, induction of lipid peroxidation, protein carbonyl, advanced oxidation
protein products, and a decrease in glutathione, also decrease in the activity of lysozyme,
catalase and superoxide dismutase, induction in cytokine levels of TNF-a and IL-6 with DNA
fragmentation in the intestine, while irradiated mice pre-treated with MT showed, normal-
ized lactic acid bacteria count and diminished pathogenic bacteria as S. aureus and E. coli also
showed ameliorative effect of MT on lipid peroxidation, glutathione, protein carbonyl,
advanced oxidation protein products, also normalized the activity of lysozyme, catalase and
superoxidedismutase,andamelioratedcytokine levelsofTNF-aand IL-6compared tocontrol,
with radioprotection effect on the DNA of intestinal tissue. Our data suggested that, pre-
treatment with MTmay protect the small intestine from gamma radiation damaging effects
showed in themeasuredbiochemical parameters alsomaintained themicrobial flora of lactic
acid bacteria and removed pathogenic bacteria and may replace antibiotics description for
radiotherapy patients since it showed antimicrobial effect against pathogenic bacteria.
Copyright ª 2014, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. All rights reserved..com (S.M. El-Sonbaty), eman_sk2@yahoo.com (E. Araby).
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radiotherapy used for cancer treatment induce serious dam-
age to normal tissues and may restrict the therapeutic doses
of radiation and thereby limits the effectiveness of the treat-
ment. Small intestine epithelium and bonemarrow are highly
sensitive to radiation and are the major sites of injury during
radiation therapy. Diarrhea induced by radiation of small in-
testine is the limiting factor in the dosing of radiation therapy
for rectal cancer and other abdominalmalignancies. There is a
need for agents that could be given before radiation therapy
that would diminish radiation injury to the small intestine
without decreasing the radiation sensitivity of the tumor
(Baliga et al., 2012; Williams et al., 2010).
Radiotherapyformalignanthumanneoplasms isa relatively
safe and effective formof treatment, but itmay become limited
by its undesired side effects upon the gastrointestinal tract. The
undesired effect of radiation upon normal intestinal tissue as
reduction in host defense mechanisms, and changes in the in-
testinal flora may lead to bloodstream invasion by the micro-
organisms normally resident in the intestinal tract. Bacteria
translocation principally from the intestinal lumen but also
from other mucous membranes plays a major role in radiation
death. These organisms can be recovered from the blood and
organs of animals dying after exposure to lethal doses of total-
body irradiation and by the reduction of death rates by treat-
mentwithantibiotics. In factanti-infection therapy isbeneficial
for human. However, it was reported that gut flora is required
for intestinal homeostasis regulation; also bacteria depletion
after using broad spectrum antibiotics treatment was found to
induce adverse effects (Elliott & Ledney, 2012).
The intestinal microflora is a complex ecosystem contain-
ing over 400 bacterial species. Anaerobes outnumber faculta-
tive anaerobes. The flora is sparse in the stomach and upper
intestine, but luxuriant in the lower bowel. Bacteria occur both
in the lumen and attached to themucosa, but do not normally
penetrate the bowel wall. A human body is inhabited by huge
numbers of various microorganisms. The largest colonies of
microbes live in our digestive system. Some of the gut flora’s
important functions include: Fermentation of non-digestible
carbohydrates, producing short-chain fatty acids, vitamin
synthesis, development and control of the immune system,
protection against pathogens (Southwick, 2008).
Withinthe last twodecades,asurge inresearchexaminingthis
botanical for its use in human health has occurred, with a more
recent focus on its antimicrobial activity. It has been researched
mainly for its antioxidant, anticancer, anti-inflammation, and
anti-atherosclerosis qualities (Anesini, Ferraro, & Filip, 2006; Heck
& de-Mejia, 2007). However, little research has been conducted to
determine the compounds responsible for antimicrobial activity
from yerbamate (Burris, Davidson, Stewart, & Harte, 2012).
2. Materials and methods
2.1. Plant material and gamma irradiation
Yerba mate obtained from local retailer market, undamaged
and disease-free berries was snippet from clusters. Yerbamatewere packaged in tightly sealed polyethylene bags, (each
bag weighing Ca.150 g) and stored in room temperature till
irradiation. For irradiation, yerba mate samples were exposed
to gamma irradiation at dose levels of 1, 3 and 5 kGy using 60Co
from unit Gamma Chamber 4000, at the National Centre for
Radiation Research and Technology (NCRRT), Atomic Energy
Authority, Egypt. The dose rate at the time of experimentation
was 2.5 kGy/hr.
2.2. Preparation of MT
Yerba mate extract was obtained by macerated 25 g of dried
yerbamate in 100ml absolutemethanol in darkness for 24 h at
room temperature then filtrated. Methanolic extract filtrate
was dried at 40 C using a rotary evaporator (Buchi R 110,
Frawil, Switzerland) (Maha & Siree, 2009). The dry extract was
re-dissolved in distilled water and used for microbiological
and biological studies.
2.3. Total phenolic content
The total phenolic compounds present in the non-irradiated
and irradiated MT were determined by FolineCiocalteu
colorimetricmethod (Yasoubi, Barzegar, Sahari, & Azizi, 2007),
using spectrophotometer (Spectronic Genesys-5, Thermo
Electron, USA).
2.4. Antioxidant activity study (DPPH free radical-
scavenging assay)
The scavenging effect on 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) radical was determined by the modified method of
Wang, Zhang, and Yang (2005).
2.5. Bacterial cultures
Pathogenic microorganisms used were of Gram positive bac-
teria: Bacillus megatrium (B. megatrium), Bacillus subtilis (B. sub-
tilis), Staphylococcus aureus methicillin resistant, Staphylococcus
aureus (S. aureus), Streptococcus faecalis (St. faecalis) and Lacto-
bacillus sp. and Gram-negative bacteria: Escherichia coli (E. coli)
and Pseudomonas aeruginosa (P. aeruginosa). Microbial isolates
were clinical isolates isolated from Ain Shams Specialized
Hospital, Cairo, Egypt. The bacterial cultures were maintained
on Tryptone Glucose Yeast extract agar (TGY, Difco, USA)
slants at 4 C with a subculture period of 15 days.
2.6. Disc diffusion assay
Antimicrobial activity of MT at (1, 3 and 5 kGy) was investi-
gated against eight bacterial strains by agar disc diffusion
method. The previously prepared inoculums were adjusted to
0.5 McFarland standards, which are equal to 1  108 CFU/ml
and then 0.1 ml was transferred to Mueller Hinton agar (MHA)
plates and spread with cotton swabs. Ten microliters of each
spice extract were spotted on 6 mm sterile paper discs, leaves
for 1 hour until dryness. Ampicillin and 1% dimethyl sulfoxide
(DMSO) was used as positive and negative controls, respec-
tively. The plates were incubated overnight at respective
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measured in millimeters. The experiment was performed in
triplicates and interpretation of antibacterial properties was
conducted, (Alsaid, Daud, Bejo, & Abuseliana, 2010). Inhibition
zone >15 mm were categorized as strong inhibitory activity;
from 10e15 mm as moderate/mild inhibitory activity; and
<10 mm was low inhibitory activity.
2.7. Antibiotic susceptibility test
Four bacterial strains were subjected to antibiotic suscepti-
bility test (Turnidge & Bell, 2005). The antibiotic discs were:
Imipenem (IPM, 10 mg), Gentamicin (CN, 10 mg), Nalidixic acid
(NA, 30 mg), Linezolid (Ln, 1 mg) were of Oxoid (Oxoid Ltd., a
company, England). Briefly the inhibition zone in mm inter-
preted as sensitive, moderate and resistant using the inter-
pretation chart supplied with the product.
2.8. Determination of minimal inhibitory concentration
(MIC)
The lowest concentration of antimicrobial agent that inhibi-
ted bacterial growth, (MIC) of the MT was determined by the
micro-titer broth method (Amsterdam, 2005). Each test
included two growth controls consisting of the medium with
DMSO and medium with bacterial suspension as well as ste-
rility control.
2.9. Experimental design
Male of Swiss albino mice from 6e8 weeks old, of 25  3 gm
body weight were purchased from the Egyptian Holding
Company for Biological Products and Vaccines (Cairo, Egypt).
Animals were housed under standard conditions of light and
temperature and allowed free access to standard pellet diet
and tap water. All animal procedures were performed in
accordance with the Ethics Committee of the National
Research Centre and in accordance with the recommenda-
tions for the proper care and use of laboratory animals (NIH
publication No. 85e23, revised 1985).
2.10. Extract acute toxicity
To determine the acute toxicity dose of MT, 40 animals were
divided into 4 groups (n ¼ 10) and given 100, 200, 400, 800 mg
MT extract/kg body weight/day for 15 consecutive days. Mice
were observed for mortality and signs of toxicity.
2.11. Determination of MT optimum dose against
radiation
For the determination of MT extract optimum dose against
irradiation, 32 mice were divided into 4 groups each of eight
mic, group 1: received 1 ml saline, group2: mice received MT
(0.5 mg/kg body weight), group 3: mice received 1 mg MT/kg
body weight, group 4: mice received 2 mg MT/kg body
weight for 7 consecutive days pre-irradiation. These animals
were exposed to gamma irradiation (8 Gy) fractionated dose
2 Gy/week for 4 weeks. Animals were scarified 24 h post last
irradiation dose. Total microbial count, E. coli, S. aureus andLactobacillus sp. bacteria count were also determined. The
aqueous MT and vehicle (pure water) were administered by
intragastric gavage, to guarantee total ingestion.
2.12. Determination of yerba MT effect against radiation
Thirty four mice were randomly divided into four groups each
of eight mice. Control group: mice received saline 1 ml by
intragastric gavage. MT group: mice received MT (2 mg/kg
body wt), by gavages, daily. Irradiation group: mice whole
body was exposed to 2 Gy/week up to 8 Gy. MTþ irradiation
group: mice pre-treated with MT (2 mg/kg/daily) for 7 days
then exposed to 2 Gy/week up to 8 Gy and continue receiving
MT during the period of irradiation. At the end of the experi-
ment period, mice were anesthetized and sacrificed 24 h post
last dose of irradiation. The intestine was removed from the
peritoneum in sterile conditions; 1 g of intestinal tract was
suspended in 9 ml of sterile saline for microbial analysis.
Another part of the lumen was flushed with ice-cold saline to
clear intestinal contents and homogenized for biochemical
assay. The segments of ileums were collected sequentially at
equivalent sites.
2.13. Microbiological analysis
One gram of intestinal tract was suspended in 9 ml of 0.85 %
sterile saline. The solution was further dilutedwith saline and
0.1 ml of the solution was spread on different specific media:
MRS agar for lactobacilli and incubated in anaerobic jar at
37 C for 2 days and MacConkey agar plates, Eosin methylene
blue for E. coli and incubated for 24e48 h, BairdeParker me-
dium plats for S. aureus counting and incubated at 35 C for
24e48 h. All analyses were carried out in triplicate (Patil, Pal,
Pal, & Yaddula, 2006).
2.14. Gamma irradiation
Mice irradiation was performed through the use of a Canadian
Gamma cell-40 (137 Cs) at the National Centre for Radiation
Research and Technology (NCRRT) (Cairo, Egypt). The dose
rate was 0.5 Gy/min. Whole body of mice were exposed to
gamma radiation dose (8 Gy) fractionated dose (2 Gy/week for
four weeks).
2.15. Detection of IL-6 & TNF alpha gene expression level
by real-time PCR
For thedetectionofTNF-a and IL-6, RNAwas extracted, reverse
transcribed into cDNA, and amplified by PCR by Biochemistry
department, medicine college, Ain shams university.
2.15.1. Total RNA extraction
Total RNA was isolated from intestinal tissue homogenates
using RNeasy Purification Reagent (Qiagen, Valencia, CA) ac-
cording to manufacturer’s instruction. The RNA sample was
dissolved in RNase-free water and. RNA quantity was char-
acterized using a UV spectrophotometer (Beckman, USA), the
isolated RNA has an A 260/280 ratio of 1.9e2.1. The integrity of
the RNA was studied by gel electrophoresis on a 1% agarose
gel, containing ethidium bromide.
Table 1 e Primer sequences used for RT-PCR.
Primer Sequence
IL-6 Forward: 5-GATGAGTACAAAAGTCCTGATCCA-3
Reverse: 5-CTGCAGCCACTGGTTCTGT-3
According to gene bank accession numberNM_021578.2
TNF alpha Forward 5-AGG GAC CTC TCT CTA ATC AGC-3
Reverse: 5-CTC AGC TTG AGG GTT TGC TAC-3
According to gene bank accession number NM_000594
Table 2 e Total phenolic compounds (mg/100 g as gallic
acid) of irradiated and non-irradiated MT.
Gamma radiation dose (kGy)
0 1 3 5
Total phenolic
compounds
391.46 
26.21
365.23 
22.13
327.7a 
24.36
322.5a 
21.43
a Significantly different compared to control, (p  0.05).
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First-strand cDNA was synthesized from 1 mg of total RNA by
reverse transcription with a superscript first-strand synthesis
system kit (Life Technologies, Breda, the Netherlands) by
mixing 2 mg total RNA with 0.5 mg of oligo (dT) 12e18 primer in
a total volume of 12 mL. After the mixture was heated at 70 C
for 10 min, a solution containing 50 mmol/L TriseHCl (pH 8.3),
75 mmol/L KCl, 3 mmol/L MgCl2, 10 mmol/L DTT, 0.5 mmol/L
dNTPs, 0.5 mL RNase inhibitor, and 200 U Superscript Reverse
Transcriptase was added, resulting in a total volume of
20.5 mL. This mixture was incubated at 42 C for 1 h.
2.15.3. Real-time quantitative polymerase chain reaction (RT-
PCR)
The sequences of the PCR primers for IL-6 & TNF-a and the
housekeeping gene glyceraldehydes-3-phosphate dehydroge-
nase (GAPDH) are listed in Table 1. PCR was carried out using
Maxima SYBR Green qPCR Kit (Fermentas).
The PCR was performed in a Step one plus Real-Time PCR
system (Applied Biosystems) using the following cycle pa-
rameters of 95 C for 10 min (1 cycle), 94 C for 15 s, and 60 C
for 1min (40 cycles). Datawere analyzedwith system software
and quantified using the v17 Sequence Detection Software
from PE Biosystems (Foster City, CA). Relative expression of
studied geneswas calculated using the comparative threshold
cyclemethod. All values were normalized to the GAPDH genes
(Livak & Schmittgen, 2001), Table 1.Table 3 e Scavenging activity (%) of non-irradiated and irradia
MT (mg/ml) TBHQ 0
20 89.5  1.9 70.9a  2.9
40 93.5  2.3 90.6  3.2
60 97.3  2.4 93.3  2.7
a significantly different compared to TBHQ (p  0.05). TBHQ ¼ Tert-Butyl2.16. Statistical analysis
Results were expressed as mean  standard deviation (SD) of
the mean (n ¼ 6). Statistical comparisons were performed by
analysis of variance (ANOVA) test to determine the level of
significance (p < 0.05) (SPSS v. 19 program).3. Results
3.1. Total phenolic compounds
Determination of total phenolic compounds showed that,
yerba mate contain high marked concentration of total
phenolic compounds 391.46. While, subjecting samples of
yerba mate to gamma irradiation at doses of 1, 3 and 5 kGy
decreases the amount of phenolic compounds by 6.7, 14.6 and
17.6%, respectively compared with control samples. The data
exhibited that total phenolic compounds in MT significantly
reduced with gamma radiation, Table 2.
3.2. Radical-scavenging activity (DPPH)
The scavenging activity (%) of the MT samples on the DPPH
radical results indicated that, non-irradiated MT possess
marked scavenging ability in range from 21.70% to 23.97%
with increasing extract concentration from 20 to 60 mg/ml on
DPPH radical. Furthermore, the data revealed that, gamma
irradiation at doses 1, 3 and 5 kGy significantly reduced the
antioxidant activity compared with control. Also, the results
exhibited that increasing the efficiency of non-irradiated and
irradiated extracts of yerba mate samples as antioxidant ac-
tivity on DPPH radical was observed with increasing concen-
tration of samples under investigation. In general, non-
irradiated MT possess high scavenging activity on DPHH
radical compared to irradiatedMT at dose levels 1, 3 and 5 kGy,
Table 3.
3.3. Screening of antibacterial activity of MT
The antimicrobial activity of non-irradiated and irradiated
MT exposed to different doses of g-irradiation (1, 3 and
5 kGy) produced inhibition zone diameters by the disc
diffusion test against all tested bacterial strains. Different
degrees of inhibitory activity were found depending on the
strain and radiation dose. In general, the non-irradiated MT
showed significant inhibitory activity against all tested
bacterial strains with inhibition zone ranging from
(16e25 mm), while irradiated MT exhibited a reduction inted MT on DPPH radical.
Gamma irradiation doses (kGy)
1 3 5
70.0a  1.3 69.5a  2.6 68.8a  2.6
90.5  1.9 89.3  2.8 88.6a  2.4
93.0  2.3 92.3  2.4 92.0a  2.1
hydroquinone.
Table 4 eAntibacterial activity as inhibition zone (mm) of
non-irradiated and irradiated MT against some
pathogenic bacteria.
Microorganisms Control Gamma radiation dose (kGy)
1 3 5
B. megatrium 21 20a 18a 15a
B. subtilis 20 20a 18a 15a
S. aureus 22 20a 19a 16a
MRSA 20 19a 16a 15a
St. faecalis 25 22a 20a 17a
Ps. aeruginosa 17 16a 14a 11a
E. coli 16 16a 13a 13a
Lactobacilli sp. 23 20a 16a 15a
a Significant compared to control (p  0.05).
Table 5 e Antibiotic susceptibility pattern for some
bacterial strains compared with MT.
Antibiotics S. aureus St. faecalis Lactobacilli sp E. coli
MT 25 35 21 20
Gentamicin 18a 10a R 17a
Nalidixic acid 20a 26a R R
Imipenem 30a 29a R 22a
Linezolid 33a 37a 19a 26a
a Significant compared to MT (p  0.05). R: resistant.
Table 7 e Effect of gamma radiation and MT on the
bacterial growth.
Mice group Control MT Radiation MT þRadiation
Microorganisms
Total plate count 46  102 95 13 41  101
E. coli 28  102 60 e 19  101
S. aureus 39  102 20 9 26  101
Lactobacilli sp. 67  102 25 6 27  102
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strains, Table 4.3.4. Antibiotic susceptibility test
The in vitro evaluation of antibiotic susceptibility for some
strains which may found in the intestine Lactobacilli, E. coli, S.
aureus and St. faecalis. Results showed that, Gram positive
bacteria were more susceptible to antibiotics under study
than gram negative one. The most resistant bacteria toward
gentamicin, nalidixic acid and imipenemwere Lactobacillus sp.
compared to other strains, while E. coli was only resistant
against nalidixic acid. The MT showed antibacterial activity
against bacterial strains under study and revealed inhibition
zones ranged from (20e35 mm). The minimum inhibitory
concentration (MICs) of MT against Lactobacilli sp., E. coli, S.
aureus and St. faecalis strains was 0.5 mg/ml for each strain,
Table 5.Table 6 e Determination of optimum MT dose in irradiated mi
Mice group Control Radiation Radiationþ 0.5
MT extract
body weig
Microorganisms
Total plate count 46  102 9  101 23  101
E. coli 28  102 e e
S. aureus 39  102 e e
Lactobacilli sp. 67  102 16  101 106  101
e No bacterial count detected.3.5. Determination of optimum MT dose in mice
This experiment was carried out to determine the optimum
dose of MT for irradiated mice. It was found that radiation
diminished E. coli and S. aureus count and decreased that of
Lactobacilli sp. Pretreatment with 0.5, 1.0 and 2.0 mg MT/kg
body weight, revealed that total microbial count increased
with MT concentration increase, while 2 mg MT/kg body
weight preserve and normalized intestinal microbial count
compared to control, Table 6.3.6. Effect of gamma radiation and MT on the bacterial
growth
Intestinal microbial flora under study were significantly
decreased by gamma irradiation (8 Gy) or MT treatment (2 mg
MT/kg body weight) and diminished especially for E. coli.
Pretreatment with MT of irradiated mice showed normaliza-
tion and amelioration of microbial counts. These data sug-
gested that, MTmay protect themice intestinalmicrobial flora
against gamma radiation effects, Table 7.
Treatment with MT for 15 consecutive days with concen-
trations up to 800 mg/kg body weight did not produce any
mortality or toxic signs in mice although caused reduction in
the body weight.3.7. Effect of MT on antioxidant state and lysozyme
enzyme
Studying the effect of 2mgMT/kg bodyweight against gamma
radiation showed that, following gamma irradiation in mice,
typical changes in the intestinal biochemical parameters were
found. Whole body gamma irradiation significantly reduced
CAT, SOD and lysozyme enzymes activities and GSH level in
the intestine homogenate. Pre-treatment of irradiated group
with MT showed significant amelioration in CAT, SOD andce.
mg of
/kg
ht
Radiationþ 1.0 mg of
MT extract/kg
body weigh
Radiationþ 2.0 mg of
MT extract/kg
body weight
5.0  102 73  102
25  101 146  101
e 15  101
62  102 78  102
Table 8 e Effect of MT on catalase, superoxide dismutase
and lysozyme activities and glutathione content.
Animal
groups
CAT mM/g SODU/g GSH mg/g Lysozyme
Unit/g
Control 3.4  0.3 3.3  0.2 24  3.4 1.5  0.1
MT 3.9  0.3a,b 3.8  0.4a,b 40  3.6a,b 1.7  0.2b
Radiation 1.6  0.2a 2.8  0.3a 21  1.9 1.3  0.1
MT þ radiation 2.6  0.2a,b 3.0  0.3 32  2.9a,b 1.6  0.2b
Values represented are in the format means  SD.
a Significant compared to control (P  0.05).
b Significant compared to radiation group (P  0.05).
J o u rn a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 7 ( 2 0 1 4 ) 6 4e7 3 69lysozyme enzymes activities and significant increase in GSH
level compared to control, Table 8.Fig. 1 e Agarose gel electrophoresis of DNA isolated from
intestinal homogenate. Lane M: DNA marker with 100 bp,
Lane 1: control, Lane 2: Radiation, Lane 3: MT, Lane 4:
pretreated with MT and exposed to gamma radiation.3.8. Effect of MT on oxidative stress parameters
Alterations of lipid peroxidation and protein oxidation in the
intestine were quantified. Lipid peroxidation estimated by
MDA content and protein oxidation evaluated by protein
carbonylation (CO) and advanced oxidation protein products
(AOPP) content showed a significant elevation in the irradiated
mice which were reduced by MT pre-treatment, Table 9.3.9. Effect of MT on DNA
DNA fragmentation pattern was monitored in the intestinal
homogenate by agarose gel electrophoresis to assessMT effect
on reducing radiation effect on intestinal DNA. DNA frag-
mentation pattern of irradiated mice showed strand breaks/
streaking of DNA (as opposed to low molecular weight bands
specific to apoptosis) which was not observed in DNA isolated
from intestinal homogenate of both control and MT pre-
treated groups, Fig 1.3.10. Effect of MT on TNF-a and IL-6
Cytokine mRNA levels were determined by reverse tran-
scription polymerase chain reaction (RT-PCR) to evaluate the
effects on intestinal cytokines TNF-a and IL-6. Results showed
significant increase in the mRNA levels of TNF-a and IL-6
exhibited a post gamma irradiation, which were significantly
decreased by MT pre-treatment, Figs. 2 and 3.Table 9 e Effect of MT on lipid peroxidation (MDA),
protein carbonyl (CO) and advanced oxidation protein
products (AOPP) levels.
Animal groups MDA mM/g CO mM/g AOPP mM/g
Control 22  2.5 14  2.3 21  3.0
MT 17  2.2a 13  2.5b 14  2.3a,b
Radiation 18  2.3a 21  2.4a 42  3.9a
MT þ Radiation 12  2.1a,b 15  2.9b 25  2.1a,b
Values represented are in the format means  SD.
a Significant compared to control (p  0.05).
b Significant compared to radiation group (p  0.05).4. Discussion
Currently, the radioactive treatment is being increasingly and
widely applied, especially in cancer treatment (Hu, Ling, & Hu,
1988). Chemical protection (drugs protection) from radiation
damage usually refers to the body or a biological system is
given a chemical substance before ionizing radiation in order
to reduce the radiation damage and promote recovery, but the
majority of current anti-radiation drugs have reduced clinical
value due to strong toxicity. So looking for non-toxic or low
toxic anti-radiation drugs from natural products become a
new hotspot in recent years (Hosseinimehr, 2007; Jagetia,
2007).
Yerba mate extracts and compounds exerted pharmaco-
logical properties as antioxidant, anti-obesity and anti-
inflammation and inhibition of low-density-lipoproteins
oxidation in vitro and in viva (Bracesco, Sanchez, Contreras,
Menini, & Gugliucci, 2010; Chandra & Gonzalez, 2004).
Polyphenols are reducing agents and provide body tissues
protection from oxidative stress that causes aging, cancer,
cardiovascular disease and inflammation (Scalbert, Manach,
Morand, Remesy, & Jimenez, 2005). Phenolic compounds and
antioxidant biomolecules were the subject of anti-infective
research for their antibacterial, antifungal and antiviral ac-
tivity (Fattouch et al., 2007; Szabo, Radu, Gavrilas,Chambre, &
Iditoiu, 2010). These activities suggested that phenolic com-
pounds can be used as chemotherapeutic agents, foodFig. 2 e Effect of pretreatment with MT against gamma
radiation on IL-6 induced alteration of intestinal level.
Fig. 3 e Effect of pretreatment with MT against gamma
radiation induced alteration in TNF-a levels.
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They can affect the growth and metabolism of bacteria, acti-
vating or inhibiting the microbial growth according to their
constitution and concentration (Nazzaro et al., 2009).
In the present study, MT showed richness in its phenolic
compounds and radical scavenging activity compared to
control, which were reduced following exposure to gamma
radiation. This effect of gamma radiation on yerba mate was
also reported by Santos, Silva, Silva, Sena, and Lima (2011),
who found that gamma ionizing radiation reduce total
phenolic and/or tannins, also De Toledo, Canniatti-Brazaca,
Arthur, and Piedade (2007) explained that effect of gamma
radiation and referred it to the indirect effect of gamma ra-
diation on water content causing water radiolysis and pro-
duction of free radicals.
High free radical scavenging activity of yerba mate extract
may depend on the presence of polyphenols (Burris, Davidson,
Stewart, & Harte, 2011). Yerba mate polyphenols content
include caffeic acid, caffeine, caffeoyl derivatives, caffeoyl-
shikimic acid, chlorogenic acid, feruloylquinic acid, kaemp-
ferol, quercetin, quinic acid, rutin and theobromine
polyphenols, xanthines, caffeoyl derivatives, saponins, and
minerals that may be responsible for pharmacological and
antimicrobial activity (Heck & de-Mejia, 2007; Marques &
Farah, 2009). Increasing pathogenic bacterial resistance to
antibiotics, make an important to look for natural antimicro-
bials for infection control, food preservation and pharma-
ceutical industries (Rahman & Kang 2009).
In the present work, Gram-positive bacteria were more
susceptible to MT extract than Gram negative strains. Caffeic
and chlorogenic acids in yerbamatemay be responsible for its
antimicrobial activity against pathogenic Gram-negative
bacteria (Herald & Davidson, 1983; Puupponen-Pimia et al.,
2001). Variations in antimicrobial activities of MT among
bacteria reflect the differences in cell surface structures be-
tween Gram-negative and Gram-positive species. Karaca,
(2011) reported that, phenolic acids induce antimicrobial ef-
fects against Gram-positive bacteria Lactobacillus sp. and S.
aureus than Gram-negative bacteria such as E. coli and P. aer-
uginosa. Aqueous organic extracts of yerbamate is an effective
antimicrobial agent against bacteria, exerts their activity
against Gram-positive and Gram-negative bacteria with
strong inhibition zone of S. aureus and E. coli O157:H7 at con-
centration of 150mg yerbamate extract/ml (Burris et al., 2012).
Some lactic acid bacteria were reported earlier to be clas-
sified as antibiotic resistant bacteria. Lactobacillus acidophilus
and Lactobacillus casei are resistant to concentrations of nali-
dixic acid superior to 1000 mg/l, so they can be classified ashigh level resistance to nalidixic acid (D’Aimmo, Modesto, &
Biavati, 2007). Lactobacillus plantarum was found to be resis-
tant to gentamicin (Zhou, Pillidge, Gopal, & Gill, 2010). Overall,
our results are in good agreement with data from other
studies for a broad range of LAB species and antibiotics,
although different nutrientmedia, incubation conditions and/
or susceptibility testing methods were used.
Human gut microbiota plays key roles in multiple host
functions, including protection against pathogenic organisms,
immunomodulation, the production of essential nutrients
and the degradation of xenobiotic compounds. Diet is a major
factor determining the composition and evolution of the gut
microbiota. In fact, the bacterial conversion of carbohydrates,
proteins and non-nutritive compounds such as phenolic
compounds leads to the formation of a large number of
compounds that may have beneficial or adverse effects on
human health (Blaut & Clavel, 2007). Phenolic compounds are
poorly absorbed in the small intestine; it is estimated that
90e95% of dietary phenolics accumulate in the colon (Clifford,
2004). In the gut, phenolics may selectively suppress or stim-
ulate the growth of some components of intestinal micro-
biota; consequently, they may influence bacterial population
dynamics (Tzounis et al., 2008).
Chemical protection is a useful strategy for the protection
of individuals against radiation-induced biological lesions. It
has been reported that natural phytochemicals play an
important role in radiorecovery and normal tissue protection
during exposure to radiation. The role of the GI tract micro-
biota in maintaining host health has recently been empha-
sized by numerous studies showing effects on the immune
system (Clarke et al., 2010; Neish, 2004).
In the present study, whole body exposure to gamma ra-
diation has provoked a decrease in the SOD, GPx and CAT
activities and GSH content accompanied with an increase in
the level of MDA, CO and AOPP.
Ionizing radiation passing through living tissue generates
reactive oxygen species such as superoxide anion (O2e),
hydroxyl radical (OH), singlet oxygen (O), nitric oxide (NO),
hydrogen peroxide (H2O2) and peroxyl radicals in a biological
system, by radiolysis of water. These reactive oxygen species
that can damage several cellular components and bio-
molecules such as DNA, proteins, lipids, amino acids and
carbohydrates resulting in imbalance of the pro-oxidant and
antioxidant activities (Clarke et al., 2010; Neish, 2004). Water
radiolysis by radiation produces OH which its interaction
with membranes polyunsaturated fatty acids elevates lipid
peroxidation (Sies, 1986), causing severe impairment of
membrane functions through increased membrane perme-
ability and membrane protein oxidation, DNA damage,
cytotoxicity and eventually cell death (Park et al., 2002).
Reduction in GSH content following radiation exposure
could be attributed to the enhanced utilization of the anti-
oxidant system detoxifying free radicals generated by radi-
ation. In the same way, increase of CO and AOPP levels
might due to induction of free radicals resulting in dramatic
fall in GSH level. The radiation induced alteration of intra-
cellular redox homeostasis, leads to oxidative stress. The
highly reactive hydroxyl radicals, attacks DNA and causes
DNA single and double strand break (Petrovic, Leskovac, &
Joksic, 2008).
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network of defense mechanisms for regulation of ROS con-
centrations, accomplished by several enzymatic and nonen-
zymatic mechanisms. Tissue level of free radicals involves
antioxidant enzymes normally act as a team, such as SOD,
which catalyzes the dismutation of O2$to H2O2 and O2 and
peroxidases, which remove hydrogen peroxide and hydro-
peroxides (Fajardo, Berthrong, Anderson, & Meyer, 2001).
Mice whole-body gamma irradiation may cause a decre-
ment in RNA and protein content of small intestine has
(Gajawat, Jauhari, Pareek, & Goyal, 2001). In general a reduc-
tion in enzymes activity post irradiation could be attributed to
many reasons: reduction in protein synthesis rate due to un-
favorable condition like lake or damage of one or more
essential enzymes, reduction in the sites of protein synthesis,
protein lysis by radiation, depression of enzymes involved in
amino acids activation and their transferring to t-RNA
(Wender & Zgorzalewiez 1970), inhibition the release of syn-
thesized polypeptides from polysomes, (Kim, Kim, &
Djorddevic, 1970).
Supplementation with MT prior to irradiation significantly
ameliorated SOD, GPx and CAT activities and increased GSH
content and diminish radiation induced oxidative stress pa-
rameters MDA, CO, AOPP and prevent DNA damage of the
ileum tissue suggesting a radioprotection action of MT prior to
irradiation (Bastos, de-Oliviera, Matsumoto, Carvalho, &
Riberio, 2007; Bastos, Saldanha et al., 2007). Under normal
conditions, the inherent defense system including GSH and
antioxidant enzymes (SOD, GPx and CAT) protects against the
oxidative damage induced (Krishna & Kumar, 2006).
Improvement of enzymes activity inMT pre-treatedmicemay
referred to GSH induction and/or scavenging activity of MT
against free radicals due to its high content of bioactive
compounds such as caffeine, phenolic compounds (mainly
phenolic acids) and saponin (Bastos, de-Oliviera et al., 2007;
Bastos, Saldanha et al., 2007). Bastos, de-Oliviera et al. (2007a)
and Bastos, Saldanha et al. (2007b) attributed the increased
GSH level withMT treatment to the potent antioxidant activity
and free radical scavenging capability of polyphenols and
flavonoids constituents of yerba mate.
The presence of LAB in the colon of pre-treated mice with
their antioxidant ability to decrease the risk of ROS accumu-
lation and degradation of the superoxide anion and hydrogen
peroxide (Lin & Yen, 1999; Liu & Pan, 2010), which enhances
the radio-protection effect of MT on intestine. Number of
Lactobacilli display anti-apoptotic activity when in contact
with epithelial cells, promote cell growth, and inhibit tumor
necrosis factor (TNF)-induced epithelial cell apoptosis. These
findings suggest that it may be possible to use probiotic bac-
terial products for gastrointestinal disease prevention and
treatment (Yan et al., 2007).
In addition LAB in the colon was found to prevent DNA
damage and its antioxidative damage was exerted by viable
bacteria indicating that the bacteria release ROS protective
factors into the medium (Koller et al., 2008).
In this work whole body radiation reduced lysozyme ac-
tivity which was normalized by pre-treatment with MT.
Lysozyme (1,4-N-acetylmuramidase) is a well-recognized
antimicrobial protein and a component of the first-line host
defense against bacterial invaders with activity against Grampositive organisms, expressed by neutrophils, monocytes/
macro-phages and Paneth cells playing an important role in
intestinal host defense against luminal microorganisms and
its activity increases in pathological conditions other than
tumor growth (Cunliffe, Kamal, Rose, James, & Mahida, 2002).
In the present study, gamma irradiation caused a signifi-
cant elevation in IL-6 level 5 folds and TNF-a level was
elevated almost 2 folds, compared to the control. The results
corroborate previous findings that gamma rays elevated the
average IL-6 and TNF-a level. Pre-treatment with MT in irra-
diated mice reduced the elevation of IL-6 and TNF-a. IL-6 is a
pro-inflammatory cytokine and a critical regulator of the
acute phase response to trauma, including radiation exposure
(Fedorocko, Egyed, & Vacek, 2002; Heinrich et al., 2003; Lynch
et al., 2003; Partridge, Chai, Zhou, & Heil, 2010). Modulator
effect of MT could be attributed to flavonoids, Gorgen et al.
(2005) mentioned that, flavonoids exerts inhibitory effect on
the enzyme systems involved in the initiation and mainte-
nance of the inflammatory and immune response.
In conclusion, pre-treatment with MT exerted good radio-
protection against 8 Gy of gamma radiation. MT highly
restored the balance of normal flora, suggesting MT as a
radioprotector for the microbial flora present in the mice in-
testine, protect and ameliorate intestinal tissue antioxidant
enzymes, proteins, cell membrane integrity, cytokines (IL-6,
TNF-a) and DNA.r e f e r e n c e s
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